
Applications of Piezo Film Lab Amp

2008-10-13
R H Brown



Just imagine…

...the possibilities of piezo film



The need for a lab ampThe need for a lab ampThe need for a lab amp

Piezo Film:  No DC Response…but how 
low can we go?

Many technologies from MEAS have response down to and 
including DC:  piezoresistive MEMS, Microfused, capacitive 
humidity, magnetoresistive…

But the piezoelectric effect generates charge within a 
capacitive source.  The charge leaks away, either through 
the dielectric itself, or into the external circuit.  This means
we apply a high-pass filter to every signal…



Example sensor:  SDT1-028K

The SDT1-028K has a capacitance of 2.6 nF.  With no 
load, the sensor "tries" to respond down to < 0.1 mHz.  
When connected to different input resistances, the cut-
off frequency of the high-pass filter varies as shown 
here…

C: 2n6 Load R -3 dB freq Hz
1T 0.0001
1G 0.061

100M 0.612
10M 6.12
1M 61.2
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Influence of Input Impedance selection on low frequency response (voltage mode) 
 
 
The table below shows the theoretical -3 dB frequency (in Hz) of the high-pass filter that is formed 
when a sensor of capacitance listed in first column is connected to the specified input impedance.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note:  the shaded cells have a -3 dB frequency that is below the range of the Low Frequency Selector,
and in this case, the Low frequency Selector will determine the performance.  In the case of the 
unshaded cells, the low frequency limit will be determined either by the Low Frequency selector, or by 
the data above, whichever is the higher. 

  1 M 10 M 100 M 1 G 
100 p 1592 159 16 1.6 
220 p 723 72 7.2 0.72 
470 p 339 34 3.4 0.34 

1 n 159 16 1.6 0.16 
2.2 n 72 7.2 0.72 0.072 
4.7 n 34 3.4 0.34 0.034 
10 n 16 1.6 0.16 0.016 
22 n 7.2 0.72 0.072 0.0072 
47 n 3.4 0.34 0.034 0.0034 

100 n 1.6 0.16 0.016 0.0016 



Instrumentation:  digital oscilloscope

Most conventional instruments offer a 1 M input 
resistance as standard.  If we connect the SDT1-028K 
piezo film sensor directly to this input, we create a high-
pass filter at 61 Hz.

C: 2n6 Load R -3 dB freq Hz
1T 0.0001
1G 0.061

100M 0.612
10M 6.12
1M 61.2
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Effect of the high-pass filter

The presence of the high-pass filter can affect the 
observed waveform in different ways:

1) Change in waveshape
2) Change in amplitude
3) Change in phase
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Simulated waveform examples:

1) rectangular pulse (1 V pulse high for 1 s, 10 ms r/f time)

2) Sawtooth (ramp from 0 to 1 V in 1 s, 10 ms fall)

3) Continuous sine (1 Hz, 2 V pk-pk)

Example of real-life waveforms:

4)  Chest strap (SDT1-028K in tension, elasticated strap)
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Case 1:  rectangular pulseCase 1:  rectangular pulseCase 1:  rectangular pulse

Load R pos pk V neg pk V

1T 1 -0.0004

1G 0.998 -0.321

100M 0.981 -0.96

10M 0.828 -0.828

1M 0.257 -0.257
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Case 2:  sawtoothCase 2:  Case 2:  sawtoothsawtooth

Load R pos pk V neg pk V

1T 0.999 -0.001

1G 0.83 -0.17

100M 0.255 -0.73

10M 0.026 -0.81

1M 0.0026 -0.25



Case 2:  sawtoothCase 2:  Case 2:  sawtoothsawtooth

Load R pos pk V neg pk V

1T 0.999 -0.001

1G 0.83 -0.17

100M 0.255 -0.73

10M 0.026 -0.81

1M 0.0026 -0.25



Case 2:  sawtoothCase 2:  Case 2:  sawtoothsawtooth

Load R pos pk V neg pk V

1T 0.999 -0.001

1G 0.83 -0.17

100M 0.255 -0.73

10M 0.026 -0.81

1M 0.0026 -0.25



Case 2:  sawtoothCase 2:  Case 2:  sawtoothsawtooth

Load R pos pk V neg pk V

1T 0.999 -0.001

1G 0.83 -0.17

100M 0.255 -0.73

10M 0.026 -0.81

1M 0.0026 -0.25



Case 2:  sawtoothCase 2:  Case 2:  sawtoothsawtooth

Load R pos pk V neg pk V

1T 0.999 -0.001

1G 0.83 -0.17

100M 0.255 -0.73

10M 0.026 -0.81

1M 0.0026 -0.25



Case 3:  sine waveCase 3:  sine waveCase 3:  sine wave

Load R pk-pk V
phase 
deg

1T 2 0.004

1G 1.99 4

100M 1.71 32

10M 0.33 81

1M 0.033 89
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Case 4:  chest strapCase 4:  chest strapCase 4:  chest strap

Real-life waveforms:  chest strap

SDT1-028K sensor inserted in series with an 
elasticised chest strap, worn while breathing 
normally 
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Case 4:  chest strap (100 M)Case 4:  chest strap (100 M)Case 4:  chest strap (100 M)
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Case 4:  chest strap (10 M)Case 4:  chest strap (10 M)Case 4:  chest strap (10 M)
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Case 4:  chest strap (1 M)Case 4:  chest strap (1 M)Case 4:  chest strap (1 M)
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Case 4:  chest strap (1 M – range 
changed)
Case 4:  chest strap (1 M Case 4:  chest strap (1 M –– range range 
changed)changed)
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Case 4:  chest strap (1 M, 1 Hz HPF, 
+40dB )
Case 4:  chest strap (1 M, 1 Hz HPF, Case 4:  chest strap (1 M, 1 Hz HPF, 
+40dB )+40dB )
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Conclusion – low frequenciesConclusion Conclusion –– low frequencieslow frequencies

The Piezo Film Lab Amp avoids the loss of low-
frequency information content from piezo film 
sensor signals, by providing controlled load 
resistance of up to 1 G in voltage mode, and LF 
response down to 0.1 Hz



The choice:  Voltage or Charge mode

To detect the signal generated by a piezo sensor, we 
have basically two options:

1) Leave all of the charge on the sensor, leaving the 
voltage exactly as if nothing were connected, or

2) Remove all the charge from the sensor and transfer 
it elsewhere, leaving no voltage across the sensor 

We describe option (1) as "voltage mode", and option 
(2) as "charge mode"
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Charge Mode:

In a charge mode preamplifier, the input appears to be 
a short circuit.  The potential between the two input 
terminals is maintained at exactly zero volts.  All of the 
charge generated by the piezo sensor flows into the 
circuit, and is transferred to a feedback capacitor.  The 
rate of charge decay is then governed by this selected 
capacitor, and not by the capacitance of the piezo 
source.  Since the input is "shorted", stray 
capacitance has no effect.
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Simple charge mode circuitSimple charge mode circuitSimple charge mode circuit
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Notes: 
•Circuit "gain" defined by C1/C2 (with Lab Amp, C2 is 
switch-selectable in decades from 100 pF to 100 nF)
•Time constant defined by product R1C2 (with Lab Amp, the 
low freq limit is switch-selectable in decades from 0.1 Hz to 
1 kHz)
•Additional capacitance across input has no effect (except 
on very high frequency response)



Voltage Mode:

In a voltage mode preamplifier, the input appears to be 
an infinite impedance.  The potential between the two 
input terminals is maintained at the "open circuit" 
potential of the source network (including all stray 
capacitance).  None of the charge generated by the 
piezo sensor flows into the circuit.  A bleed resistor is 
required on the input (otherwise circuit would be 
unstable or saturate), and the low frequency response 
is governed by the total capacitance connected to the 
input, and this bleed resistance.
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Simple voltage mode circuitSimple voltage mode circuitSimple voltage mode circuit
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Notes: 
•Circuit "gain" is unity; separate gain stage can follow (with 
Lab Amp, final gain stage offers 0 to +40 dB in 10 dB steps)
•Time constant defined by product R1C1 (with Lab Amp, R1 
is switch-selectable in decades from 1 M to 1 G)
•Additional capacitance across source reduces the "open-
circuit" potential, and thus the detected signal



Selection of modeSelection of modeSelection of mode

Use charge mode when:

•Piezo sensor has long cable attached (or varying cable 
length)
•Only a portion of the active sensor area is impacted or 
excited
•"Fundamental" measurement of charge output preferred
•Minimize triboelectric cable noise

Use voltage mode when:

•Lab Amp will later be replaced by simple buffer stage
•"End of cable" output voltage is preferred



Using the low-pass filterUsing the lowUsing the low--pass filterpass filter

In addition to the control over the low-
frequency limit afforded by the input 
impedance selector and the LF filter 
control, the Piezo Film Lab Amp also has a 
low-pass filter that can block unwanted 
higher frequency components.  

Setting this control to the "10 Hz" setting 
allows effective filtering of 50/60 Hz line 
frequency interference, which is commonly 
experienced when experimenting with 
piezo film sensors. 



Using the low-pass filterUsing the lowUsing the low--pass filterpass filter

With High Freq control set to 1 kHz:



Using the low-pass filterUsing the lowUsing the low--pass filterpass filter

With High Freq control set to 10 Hz:
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Key Features:

•Charge or voltage mode operation
•0.01 to 1000 mV/pC sensitivity range in charge mode
•1 M to 1 G input resistance, -40 to 40 dB dB gain, in 
voltage mode
•Multi-pole low-pass and high-pass filtering, with -
3dB frequencies ranging from 0.1Hz to 100kHz
•BNC input and output
•Internal battery (2 x 9 V) or external 24 Vdc power 
supply operation  
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